The organization of the three structural nitrogen fixation (ni) genes that encode nitrogenase (nif K and nif D) and nitrogenase reductase (nif H) have been examined in a number of cyanobacteria. Hybridization of Anabaena 7120 nif gene probes to restriction endonuclease-digested genomic DNA has shown (a) that cyanobacteria incapable of N2 fixation have no regions of DNA with significant homology to the three nif probes, (b) that Pseudanabaena sp., a nonheterocystous cyanobacterium, has a contiguous nif KDH gene cluster, and (c) that in contrast with other heterocystous cyanobacteria, Fiwherella sp. has a contiguous nif KDH gene cluster.
Cyanobacteria are a highly diverse, widely distributed group ofphotosynthetic oxygen-evolving prokaryotes that include some species capable of nitrogen fixation. The diazotrophic members of this assemblage fall into three main morphological categories: the filamentous cyanobacteria, such as Anabaena, which possess characteristically differential nitrogen-fixing cells called heterocysts; the filamentous cyanobacteria which lack heterocysts, such as Plectonema; and the unicellular cyanobacteria, such as some Syneccochoccus species, which also lack specialized cells for nitrogen fixation (17) . The molecular organization and regulation of expression of nitrogen fixation (nij) genes in cyanobacteria have been studied primarily in the heterocystous genus, Anabaena (3-5, 8, 9, 12, 15) . A small number of cyanobacteria from the two other morphological groups have also been studied with respect to organization of the three nifstructural genes, nif K, D, and H. Nif K and D code for the ,3 and a subunits of the iron-molybdenum protein, nitrogenase, and nif H encodes the two identical subunits of the iron protein, nitrogenase reductase. The combined action of these two proteins, under anaerobic conditions and in the presence of ATP, a reductant and Mg2", results in the conversion ofN2 to ammonia. In all nonheterocystous cyanobacteria examined to date, such as Plectonema (2) , Cyanothece (6) , and Syneccochoccus (6) , nif K, D, and H are found in a contiguous array. In contrast, the heterocystous cyanobacteria that have been studied, such as Anabaena (12) , Calothrix and Nostoc (7) , are all characterized by a noncontiguous array of nif K, D, and H. In the vegetative cells of these organisms, nif K is found some distance from the nif DH cluster. The elegant studies ofHaselkorn and co-workers usingAnabaena 7120 Nif structural gene probes, isolated from Anabaena 7120, were kindly provided by Dr. R. Haselkorn (15) as HindIlI fragments in pBR322. Plasmid DNA was isolated as previously described and purified by CsCl2-ethidium bromide density gradient centrifugation (10 (Pall Corp.). After prehybridization, the labeled nifgene inserts were added to the hybridization solution (5x Dehardt's buffer, 5X SSPE, 0.2% w/v SDS, 500 ,ggml-' denatured nonhomologous DNA) at a concentration of 20,000 cpm _Ccm2 membrane (10) . DNA blots from nonnitrogen-and nitrogen-fixing strains were hybridized at 42 and 65°C, respectively. After overnight hybridization, the blots were washed 3 x 30 min at room temperature in 10 mM NaPO4 buffer (pH 7.0) containing 1 mM EDTA and 0.2% w/v SDS. Autoradiographic analysis was used to determine the hybridization pattern of the probe DNA.
RESULTS AND DISCUSSION Chromosomal DNA isolated from several cyanobacterial species was digested with various restriction endonucleases, blotted and probed with 32P-labeled regions of the three structural nif genes K, D, and H isolated from Anabaena 7120. When strong and reproducible hybridization signals were obtained, further analysis was accomplished by using a number of restriction endonucleases to singly or doubly digest the cyanobacterial DNA followed by hybridization with individual probes.
The results obtained from probing a number of cyanobacteria are shown in Table I . Eleven species, encompassing four morphological divisions (16), were examined. In those cyanobacteria reported to be incapable of nitrogen fixation, no strong or reproducible hybridization signals were observed. This result was obtained when the DNA was probed with any of the three Anabaena structural genes and under hybridization conditions of low stringency. These data indicate that the cyanobacteria examined certainly lack the genetic capacity for nitrogen fixation and appear not to contain any major regions of DNA with significant homology to the Anabaena nifgene probes. A strong hybridization signal was obtained when DNA isolated from Oscillatoria tenuis (UTEX 1566) was probed with all three nif gene sequences; however, the arrangement of these genes was not determined (data not shown). This cyanobacterium is known to fix nitrogen in an anaerobic environment (16 Figures 3 and  4 , respectively. The Pseudanabaena nif gene arrangement is similar to that observed in other filamentous nonheterocystous cyanobacteria (2, 6) . The data indicate that specific regions of all three nifgenes are found on a single 5.8 kb ClaI/AvaI fragment (Fig. 1, lane 7) and are arranged in a contiguous manner. Further restriction fragment and hybridization analysis was used to prepare the map shown in Figure 3 .
The hybridization data for Anabaena (not shown) confirm the observation of Hirschberg et al. (5) The three nif gene-specific probes hybridized to a 6.1 XbaI fragment, suggesting that the three structural genes are very close together (Fig. 2, lane 2) . Mapping and hybridization studies using other restriction fragments have shown that these three genes are found in a contiguous array (Fig. 4) . Although it is possible, given the resolution of the Southern blots, for a small (less than 250 base pairs) intervening sequence to be present between nif K and nif DH, this result is significantly different from that nitrogen limited conditions, these branching (stigonematacean) cyanobacteria exhibit a distinctly different pattern of heterocyst development when compared with the genus Anabaena. This different pattern of development, described for Mastigociadus laminosus, is characterized by alterations in the sequence of ultrastructural changes that take place during heterocyst differentiation and highly variable spacing of proheterocysts and heterocysts along the filament (13, 14) . It is possible to observe a number of mature heterocysts adjacent to one another within a single filament. This latter point is in contrast with the very regular spacing of heterocysts and vegetative cells observed in Anabaena (17) . These cytological observations have led to the suggestion that the differentiation of heterocysts in Fischerella is not well controlled or is regulated by a mechanism that is distinctly different from that occurring in Anabaena ( 13) . It has also been suggested that, as a group, the stigonematacean cyanobacteria may not represent the most advanced stage of cyano- 
